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ABSTRACT 
The organization of Phalacrocleptes verruciformis is, in general, less complex than that of other 
ciliates,  and no kinetosomes have been observed.  However,  there are numerous suctorial 
tentacles at the surface of the body, and the  pellicle is characterized by close-set villus-like 
projections. The tentacles are very small (about 430 mg in length, and about the same in 
diameter), but show the essential features of tentacles of suctorians such as Tokophrya, Podo- 
phrya, and Ephelota. Each  tentacle is reinforced  by eight pairs of fibrils arranged  concen- 
trically just within its wall,  and contains a  single missile-like body  (MLB).  The  tentacles 
become attached to the cilia of the host, and serve for feeding upon the plasmatic contents 
of the cilia as well as for maintaining contact with the host.  The MLB's originate in the 
endoplasm,  and  then  migrate  toward  the  surface  and  become  incorporated  into  the 
tentacles. When feeding is initiated, the membrane covering the outermost nozzle-like por- 
tion of the MLB becomes continuous with the membrane of the cilium, and there are other 
changes in the structure of the MLB which suggest enzymatic activity. Although it appears 
that Phalacrocleptes is a  suctorian,  the complete  absence of kinetosomes sets  this organism 
apart from other members of the group. 
INTRODUCTION 
Phalacrocleptes verruciformis Kozloff (4)  lives on the 
frontal  surface  of the  pinnules of the  prostomial 
cirri of the sabellid polychaete Schizobranchia insig- 
nis  Bush.  Although  it  evidently has  no  cilia  or 
kinetosomes at any time during its life history,  it 
possesses  both a macronucleus and a micronucleus, 
reproduces  by binary fission, and undergoes con- 
jugation. 
The  exact  systematic  position  of  this  curious 
organism  within  the  group  of  ciliates  was  in 
doubt  when  the  original  description  was  pub- 
lished.  Moreover,  the  significance  of  certain  of 
its  structures  was  not  satisfactorily  understood. 
Specimens in Epon sections 0.5-1  /~ thick,  stained 
with a  mixture  of methylene  blue and  azure  II, 
showed projections which appeared  to contact the 
surface  of  the  epithelium  of  the  host.  Similar 
projections were quite evident  in detached  entire 
specimens impregnated  with  Protargol,  although 
they  were  probably accentuated  by shrinkage of 
the  body as a  whole during fixation.  It was  sug- 
gested  that  the  projections  were  concerned  pri- 
355 FZGURE 1  Phalacrocleptes  verruciformis. Section of a ciliate at a level parallel to the frontal surface of the 
host's pinnule; the host's cilia are,  therefore, seen in cross-section. Note the zone of small vesicles (v) 
around the macronucleus (ma), mitochondria (mi), and missile-like bodies (m) dispersed throughout the 
cytoplasm. X  6770. 
356  THE  JOURNAL OF  CELL  BIOLOGY"  VOLUME SS,  1967 FIGVR~ £  Longitudinal section through a suctorial tentacle. The membrane of the MLB is continuous 
with that of the cilium to which the tentacle is attached. X 44,700. 
FIGun~ 3  Tangential section through a  part of the ciliate's surface, showing cross-sections of suctoria[ 
tentacles at different levels.  Note the villus-like  projections of the pellicle  (p)  and, at bottom right, an 
oblique section through a tentacle and the cilium to which it is attached. ×  28,900. 
357 marily  with  drawing  nourishment  from  the  epi- 
thelial cells. 
A  study  of the  ultrastructure  of P.  verruciformis 
was  undertaken  in  order  to  determine  whether 
these  projections  or  other  organelles  might  be 
involved  in  feeding,  as  well  as  to  confirm  the 
apparent  absence  of kinetosomes  and  to  identify 
features  which  would  be  of  help  in  indicating 
possible  relationships  of  this  organism  to  other 
groups of ciliates. 
MATERIALS  AND  METHODS 
P. verruciformis was obtained from S. insignis collected 
on floating docks at Mitchell Bay and Roche Harbor, 
San  Juan  Island,  Washington,  during  November, 
1964.  The parasites are not often very abundant, so 
we selected pieces of the cirri in which each of several 
adjacent  pinnules  showed  at  least  a  few  parasites. 
These pieces were fixed for 1 hr in osmium tetroxide 
buffered to pH  7.5 with s-collidine  (1  ml of 4% os- 
mium tetroxide to  0.5  ml of 0.2  ~  s-collidine). The 
temperature was  held  at  about  0°-I°C.  After  fixa- 
tion,  the  tissue  was  rinsed  in  the  buffer  solution, 
washed  briefly  in water,  then  dehydrated  and  em- 
bedded in Epon epoxy resin following the procedure 
of Luft (5). Sections were cut on a  LKB microtome, 
stained first with uranyl acetate, and then with lead 
citrate, in accordance with the technique of Reynolds 
(8). The preparations were observed with a  Hitachi 
11A electron microscope operated at 50 kv. 
OBSERVATIONS 
PELLICLE  AND  SUCTORIAL  TENTACLES 
The  pellicle  (Figs.  4,  7,  10)  is  fundamentally 
similar in structure to that of various holotrichous 
ciliates.  However,  it  is  rather  unusual  in  that  it 
has  close-set  villus-like  projections.  These  are 
present  over  the  entire  surface  of  the  organism, 
and  are  evaginations  of  the  cell  membrane  and 
outer  alveolar  membrane  (terminology  of  Pi- 
telka,  6).  Where  the  outer  alveolar membrane  is 
not  evaginated,  the  alveoli  are  rather  flat;  the 
distance between the outer and inner membranes 
is usually  between  about  100  and  400  A.  Unlike 
those of more nearly typical holotrichs, the pellicu- 
lar alveoli of P.  verruci/ormis  are,  in  general,  con- 
tinuous,  as  their  outer  and  inner  membranes 
contact one another only occasionally. 
Short,  truncate suctorial  tentacles are scattered 
at  random  over  the  entire  surface  of  the  body 
(Fig.  1).  They  are  about  430  m#  in  diameter, 
and  their length is about the same.  When a  ten- 
tacle is seen in median longitudinal section  (Figs. 
2,  4,  7,  10), it is evident that its wall is essentially 
part of the system of pellicular alveoli. The inner 
alveolar  membrane  turns  sharply  inward,  then 
outward  again,  and becomes continuous with the 
outer  alveolar membrane.  The  distal  part of the 
tentacle,  covered  by  the  cell  membrane,  usually 
projects  slightly  above  the  body  surface  as  a 
whole.  In  peripheral  areas  at  the  tip  of the  ten- 
tacle, the cell membrane is thrown into villus-like 
processes characteristic of the pellicle in general. 
Just  inside  the  wall  of each  tentacle  are  eight 
pairs  of  tubular  fibers,  about  250-280  A  in  di- 
ameter,  which  give  it  an  almost  cilium-like  ap- 
pearance in cross-section (Figs.  3,  10).  The fibers 
do  not quite  reach  the  tip  of the  tentacle.  How- 
ever,  they  extend  into  the  cytoplasm  to  a  level 
somewhat deeper than that reached by the inner- 
most part of the wall of the tentacle.  In the center 
of  the  tentacle  there  is  a  remarkable  structure 
which is evidently homologous  to  the missile-like 
bodies observed in the tentacles of some suctorians. 
The  missile-like  body  (MLB)  (Figs.  2,  4,  10)  of 
P.  verruciformis  is about 500 m# long and consists 
of three  principal  elements.  The  deepest of these 
is an ovoid,  nearly electron-opaque portion.  This 
is contiguous with a  vesicular structure,  the con- 
tents  of  which  are  usually  somewhat  granular 
FIGURE 4  Section  of  the  borders  of  two  neighboring eiliates;  at  the  left,  a  suctorial 
tentacle which has not yet begun to function, with an  "unused"  MLB.  At the right, a 
tentacle is seen attached to a cilium cut obliquely. )< 35,500. 
FIGURE 5  Longitudinal section through a  MLB which is substantially mature, but still 
deep in the cytoplasm. )< 87,~00. 
FiGum~ 6  A  MLB with a  greatly swollen vesicular portion (a degenerating MLB?); at 
bottom, two other MLB's.  X  35,500. 
FIGURE 7  A  MLB which may have been moving toward its functional position in the 
suctorial tentacle. )< 41,500. 
358  ThE JOURNAL OF  CELL BIOLOGY • VOLUME 38,  1967 359 FIGVRE 8  Longitudinal section through the micronueleus.  X  14,400. 
FIotmE 9  Section through a part of the macronucleus and the border of the cell; n, nucleolus; v, zone of 
vesicles; t,  suctorial tentacle; l, lysosome-like formation. X 27,100. and,  on  the  whole,  rather  electron-transparent. 
From  the vesicular portion,  a  nearly hemispheri- 
cal  electron-opaque  mass  protrudes  into  the 
nozzle-like  outermost  portion  of  the  MLB.  The 
latter  appears  to  be  an  almost  homogeneous 
electron-transparent  channel.  The  tip  of  the 
nozzle-like  portion  contacts  the  cell  membrane 
covering  the  distal  end  of the  suctorial  tentacle. 
The  middle  vesicular  portion  and  outermost 
portion are covered by a  membrane  which  seems 
to  be  continuous.  There  are  indications  of  a 
periodic  structure  (showing  intervals  of  about 
130 A) in the distal part of the outermost portion. 
The MLB's of P.  verruciformis are formed in the 
endoplasm,  and are scattered  at random through- 
out  this  part  of  the  ciliate.  Although  many  of 
those  observed  in  sections  are  not  completely 
mature, we do not yet know just how they develop. 
We  believe,  however,  that  at  least certain  of the 
vesicles which  contain  granules  are  primordia  of 
the  middle  portions  of MLB's.  The  MLB's  elab- 
orated  in  the  endoplasm  apparently  migrate  to 
the periphery of the ciliate and move into suctorial 
tentacles which  are already  formed,  but it is pos- 
sible that the pellicle becomes altered  to form the 
walls  of the  tentacles  as  the  MLB's  approach  it. 
Fig.  7  shows  a  MLB  which  may  have  been  mi- 
grating to its functional  position;  it appears  to be 
a  new,  unused  MLB,  because an  electron-opaque 
mass  projecting  into  the  nozzle-like  portion  is 
characteristic  of MLB's which have not begun  to 
function. 
When the tentacles become engaged in feeding, 
their  structure  changes.  The  limiting  membrane 
surrounding  the  nozzle-like  portion  of the  MLB 
fuses  with  the  membrane  of the  cilium,  and  the 
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FIGURE 10  Schematic representations. A, longitudinal section through a suctoria] tentacle with adjoining 
pellicle; B, cross-sectlon  through the suctorial tentacle at the level indicated at x; a/, pellicular alveolus; 
cm, cell membrane;f, fibers of the suctorial tentacle; ira, inner membrane of the pellicular alveoli (plasma 
membrane); m, missile-like  body; ora, outer membrane of the pellicular alveoli. 
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the  MLB  almost disappears  (Figs.  2,  4).  More- 
over,  the electron-opaque mass in the nozzleqike 
portion  can  no  longer  be  detected.  The  cell 
membrane now delimits a deep depression around 
the MLB, which reaches down as far as the middle 
vesicular  portion  of  the  latter;  the  membrane 
usually forms  a  diaphragm-like  lip  around  the 
region  in which  the  nozzle-like  portion  of  the 
MLB has contacted the cilium. 
The  granular layer  beneath  the  inner mem- 
brane of the  pellicular alveoli is  extremely thin, 
and  is  hardly  comparable  to  the  epiplasmic 
layer  of  most  ciliates.  Neither  kinetosomes  nor 
other fibrillar structures (except those within the 
suctorial tentacles) have been observed. 
NUCLEI:  The  rounded  macronucleus  (Figs.  1, 
9)  contains  finely  granular  chromatin,  with 
DNA  material  concentrated  in  electron-opaque 
clumps. Rather large nucleoli are located in the 
peripheral portions. The micronucleus (Fig. 8)  is 
fusiform; its ground substance appears flocculent, 
with  some  electron-transparent areas  containing 
very fine, DNA-like filaments. 
CYTOPLASMIC  COMPONENTS: Mitochondria 
(Figs.  1, 8), exhibiting branched tubules, are ran- 
domly  distributed  through  the  cytoplasm.  The 
cytoplasm  also  contains an  abundance of  small 
granules and  a  confusing assortment of vesicles. 
At least many of the granules (Figs.  3,  7,  9)  are 
probably  ribosomes.  The  aggregates  of  small 
vesicles,  particularly  prominent  close  to  the 
macronucleus and micronucleus, probably corre- 
spond  to  those  areas  in  thicker  Epon  sections 
which are stained rather heavily by a  mixture of 
methylene  blue  and  azure  II.  Without  histo- 
chemical evidence, the role of the vesicles cannot 
be explained. As has been indicated above, how- 
ever,  certain  small  vesicles  filled  with  finely 
granular material  appear  to  be  involved in  the 
formation of the missile-like bodies.  Some rather 
irregular  masses,  which  are  limited  by  a  unit 
membrane  and  which  contain  a  heterogeneous 
assortment  of  granules  and  vesicles  of different 
electron-opacities (Fig.  9, 1),  resemble lysosomes. 
The  relatively large  electron-transparent vesicles 
(Figs.  l,  9)  may possibly be  degenerating mito- 
chondria. 
DISCUSSION 
Although the tentacles of P.  verruviformis are very 
small and are equipped with only one missile-like 
body, they can probably be homologized with the 
tentacles of suctorians. In Ephelota  (Batisse,  1,  2; 
Rouiller,  Faur~-Fremiet,  and  Gauchery,  9), 
Tokophrya (Rudzinska, 10), and Podophrya (Jurand 
and  Bomford,  3),  the  pellicle covering the  ten- 
tacles is similar to that over the rest of the body 
in  being  composed  of  three  membranes.  In 
Ephelota  and  Tokophrya, this  type  of  pellicular 
structure terminates beneath the knob at the end 
of each tentacle; the knob is covered by only one 
membrane, interpreted  by Batisse  and  by Rud- 
zinska as  the  inner alveolar membrane (plasma 
membrane), even if their micrographs leave some 
doubt  about  this.  In  Podophrya,  according  to 
Jurand and Bomford, the tips of the tentacles are 
covered by the cell membrane ("outer unit mem- 
brane of the pellicle"). The same arrangement is 
characteristic of the tentacles of P. verruciformis, in 
which the distal end of the tentacle is covered by 
the cell membrane only. 
The  tentacles of the  several  suctorians which 
have been investigated are quite elaborate as far 
as  their  fibrillar components are  concerned.  In 
Tokophrya  (Rudzinska,  10), each  tentacle has 49 
microtubular fibers; these are arranged in a regu- 
lar  concentric  pattern  around  the  inner  canal 
through  which  food  is  actually delivered  to  the 
main  part  of the  body.  In  the  tentacles of Po- 
dophrya  (Jurand  and  Bomford,  3),  there  is  a 
cylinder of 24-27 fibers enclosing six bands, each 
of which consists of six fibers in a single row; in a 
transverse section through a tentacle, the arrange- 
ment of the bands around the canal is pinwheel- 
like.  In  Ephelota  gemmipara (Batisse,  2)  and  E. 
plana  (Rouiller,  Faur~-Fremiet,  and  Gauchery, 
9), a  comparable cylinder is composed of a large 
number of fibers, and there are also many septum- 
like  bands,  each  consisting of  numerous fibers, 
curving centripetally into the lumen. About 25-30 
fibers arranged in groups of two or three consti- 
tute  the  tube  within  the  tentacles of  Discophrya 
p#iformis (Pottage, 7). 
In  P.  verruciformis, in which  the  suctorial ten- 
tacles  are  very  small,  there  are  only  16  tubular 
fibers,  arranged in pairs. These extend for a short 
distance into the endoplasm. The organization of 
the pellicle around the tentacles of P.  verruciformis 
is quite different from that of the  suctorians dis- 
cussed  above,  but  tentacles  which  are  hardly 
longer than the pellicle is thick cannot very well be 
enveloped by all three of the membranes. 
The MLB's of P.  verruciformis, unlike those  of 
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are  single  in  each  tentacle,  and  are  centrally 
located.  The  outermost  portion just  touches  the 
outer  cell  membrane,  instead  of  sticking  out 
through  it like those  of MLB's of  Tokophrya.  The 
MLB's of P.  verruciformis  are  larger  than  those  of 
EpheIota,  Podophrya,  or  Tokophrya,  which  range  in 
length from about  340-380  m/z, but  the structure 
of the MLB's of all of these organisms is in general 
similar. 
Rudzinska  (10)  has  explained  how  the  MLB's 
formed in the endoplasm travel through the space 
between  the  walls  of  the  tentacle  and  its  inner 
tube to their sites of action beneath the membrane 
of the knob.  In view of the composite structure  of 
the  MLB's,  she  suggested  that  they  may  contain 
an  assortment  of  enzymes:  one  responsible  for 
attachment  of the  prey,  another  to  paralyze  the 
prey,  and  another  to  decrease  the viscosity of the 
cytoplasm of the prey. All of these functions of the 
MLB were  suggested  on  the  basis  of circumstan- 
tial  evidence  of  changes  occurring  in  the  prey 
and  tentacles  during  feeding.  Rudzinska  did  not 
detect  any  morphological  changes  in  the  MLB's 
or in the way in which they originate.  In fact, the 
general  picture obtained  with the electron micro- 
scope  is  rather  static,  and  does  not  enable  us  to 
follow the whole process. 
It  is  likely  that  an  enzyme  capable  of lysing 
the cilia of the  host is concentrated  in  the MLB's 
of  P.  verruciformis.  The  limiting  membrane  of  a 
MLB attached  to  a  cilium is continuous  with the 
membrane  of the  cilium.  It would  seem  that  the 
food  must  pass  through  the  membrane  of  the 
MLB  into  the  ciliate's body.  Because  the  paired 
peripheral  fibers  of  cilia  to  which  tentacles  are 
attached  remain  unaltered,  the  food  probably 
consists of the plasmatic contents of the cilia. It is 
even  possible  that  the  cilia  are  used  as  capillary 
channels  for  drawing  digested  cytoplasm  from 
the epithelial cells. Besides serving to obtain food, 
the  tentacles  function  in  maintaining  tight  con- 
tact  of the  parasite  with  the  host,  in  a  situation 
in  which  currents  of water  caused  by  ciliary ac- 
tivity  are  pronounced.  Thus  far,  we  have  no 
evidence concerning  what  becomes  of "used-up" 
MLB's, or the way in which they are replaced in 
the suctorial tentacles. 
The  peculiar  structure  of  the  pellicle  of  P. 
verruciformis  is  reminiscent  of  the  surface  of  tro- 
phozoites  of  some  myxosporidians  (especially 
those  living  in  bladders  of fishes),  where  similar 
microvilli are  used  for  feeding  upon  soluble  ma- 
terials.  Although  the projections  of the  pellicle of 
P.  verruciformis  are  covered  by  two  membranes, 
except at  the  distal  ends of the  tentacles,  there  is 
a  possibility that  they  are  involved in  absorption 
of  organic  solutes.  Pellicular  sculpturing  of  this 
sort  might  also  contribute  to  the  rigidity  of the 
pellicle,  compensating  for  absence  of  certain 
structural  elements  generally  associated  with  the 
infraciliature  of other ciliates. 
The  projections  observed  in  entire  and  sec- 
tioned  ciliates  prepared  for  light  microscopy, 
which  one  of us  (KozloT,  4)  had  suggested  were 
probably  concerned  with  feeding upon  epithelial 
cells,  appear  to  be  nothing  more  than  extensions 
of the  body  which  are  provided  with  a  comple- 
ment  of  suctorial  tentacles  comparable  to  that 
found  on  other  parts  of  the  body  surface.  Al- 
though  we have not noted  in our electron micro- 
graphs  that  the  tentacles  contact  anything  but 
cilia of the host,  it is possible  that  some  of them 
obtain  nourishment  from  the  epithelial  cells 
themselves.  The  minute  argyrophilic  elements  so 
conspicuous  in  the cytoplasm  of entire  specimens 
impregnated  by  the  Protargol  method  are  prob- 
ably missile-like bodies. 
Although P.  verruciformis  is almost  surely a  suc- 
torian, its systematic position within the suctorians 
remains  uncertain.  It  is  unorthodox  in  that  it 
lacks  kinetosomes,  and  its  small  suctorial  tenta- 
cles,  each  provided  with  only  one  missile-like 
body,  are  also  unusual.  We  have  failed  to  find 
any  evidence  for  a  migratory  stage  in  the  life 
cycle. In any case,  the evolutionary history of this 
organism,  beginning  perhaps  with  a  more  nearly 
generalized  suctorian  and  culminating  in  a  re- 
markably  specialized  parasite,  must  indeed  have 
been interesting. 
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